Not many centres measure intracranial pressure during an endoscopic procedure. However, if the irrigation fluid during endoscopy is not simultaneously drained, then some rise in intracranial pressure can be anticipated. This study was carried out to measure and monitor changes in intracranial pressure during the irrigation phase in a neuroendoscopic procedure using a Codman catheter placed in the parenchyma. Intracranial pressure was monitored in 13 patients undergoing surgical neuroendoscopic procedures under a standardised anaesthetic technique. Heart rate, mean arterial pressure, intracranial pressure and cerebral perfusion pressure were recorded at baseline and during the irrigation phase of the procedure. The heart rate during irrigation was comparable to baseline values, but the mean arterial pressure at the time of irrigation increased an average of 7 mmHg (P=0.02). At the same time there was an average 34 mmHg increase in intracranial pressure (P<0.001), producing an average 26 mmHg decrease in the cerebral perfusion pressure (P<0.001) during irrigation. There was an average of four episodes of raised intracranial pressure (>25 mmHg) during the irrigation phase per patient. We suggest that the intracranial pressure be routinely monitored during neuroendoscopic procedures. Only then can the potential adverse effect of irrigation on intracranial pressure and cerebral perfusion pressure be assessed.
Endoscopic techniques are increasingly being used in neurosurgical practice. Neuroendoscopy is being carried out routinely for procedures such as thirdventriculostomy for obstructive hydrocephalus repair, colloid cyst removal, cyst fenestration and tumour biopsy or retrieval. Neuroendoscopy allows for high quality direct visual control achieved in a minimally invasive way. The neurosurgeon advances the endoscope into deep brain structures through a burr hole. While inside the ventricles, some degree of bleeding can occur. A continuous or intermittent irrigation with Ringer's lactate or normal saline solution is not simultaneously drained, then a rise in intracranial pressure (ICP) can be anticipated. However, not many centres measure ICP during an endoscopic procedure. At some centres, ICP is monitored through the endoscope working channel by means of a hydrostatic column.
As a direct measurement of the ICP via the endoscope is not always accurate, the anaesthetist relies upon sudden haemodynamic changes to alert the surgeon. The occurrence of bradycardia and hypertension is considered by many clinicians as an indicator of acute intracranial hypertension 1-3 . In earlier studies, authors have measured peak endoscopic pressure through the inlet or outlet of transducer and correlated it to the ICP 1,3-6 . be reliable and accurate devices when compared to utilises a microchip pressure transducer and not a latter system. These catheters are simple to use and the procedure does not require alignment of the transducer or concern about air bubbles. Immediate intracranial pressure readings are available even during irrigation 7 . This study was carried out with an aim to measure and monitor changes in ICP during irrigation phases in neuroendoscopic procedures.
MATERIAL AND METHODS
We prospectively monitored ICP in 13 patients undergoing surgical neuroendoscopic procedures. Intracranial pressure was measured using a Codman . Intermittent boluses of fentanyl 1 μg/kg and vecuronium 0.1 mg/kg were used to provide muscle relaxation. Mechanical ventilation was instituted to maintain an end-tidal carbon dioxide dorsalis pedis artery for continuous invasive blood pressure monitoring. Prophylactic antibiotics were given to all patients during the induction period.
A rigid neuroendoscope device was used for the procedure. A burr hole was performed to reach articulate arm to prevent unexpected and hazardous movements. The rinsing solution (Ringer's lactate) used was maintained at a temperature of about 37°C. Just before the introduction of the endoscope a Codman's Microsensor catheter was placed in the parenchyma of the brain at a depth of about 10-12 mm and anchored to the scalp with a stitch to prevent displacement. The ICP was displayed numerically using Codman ICP Express™ (Johnson & Johnson Professional Inc, Raynham MA, U.S.A.). Baseline heart rate (HR), mean arterial pressure (MAP) and ICP were noted. After the introduction of the endoscope into the ventricles, the three values were noted again. During the procedure, at the time of irrigation, a note was made of HR, MAP and ICP, each time the ICP values rose above 25 mmHg. The peak ICP rise was recorded in each patient. The surgeon was immediately informed. Further irrigation was either stopped and the irriwere simultaneously carried out. The total number of such episodes was noted. The cerebral perfusion pressure (CPP) was calculated by the formula endoscope as well as the ICP catheter were removed and anaesthesia discontinued. Neuromuscular blockade was reversed using neostigmine 0.05 mg/kg and glycopyrrolate 0.01 mg/kg. Following extubation, all patients were monitored in a neurosurgical intensive care unit.
Statistical analysis was performed using STATA 9.0 (College Station, TX, U.S.A.). The values of HR, MAP, ICP and CPP during irrigation phase were compared to the baseline using Wilcoxon signed-rank test. P values <0.05 were considered statistically
RESULTS
The results are expressed as median (interquartile range [range]). A total of 13 patients were enrolled in the study, of which nine were males and four females. The median age of the patients was 32 years (20-42 [15-55]) and median weight was MAP, ICP and CPP at baseline and during irrigation are tabulated ( Table 1 ). The HR during irrigation was comparable to baseline values, but the MAP at the time of irrigation increased an average of 7 mmHg (P=0.02). At the same time there was an average 34 mmHg increase in ICP (P<0.001), producing an average 26 mmHg decrease in the CPP (P<0.001) during irrigation. An average of four episodes of raised ICP (>25 mmHg) during the irrigation phase were recorded per patient. The rise in ICP did not last for more than 3 to 4 seconds, as the surgeon was immediately informed and necessary action was taken. No complications were encountered in any of the patients. 
DISCUSSION
ICP monitoring is not usually utilised during neuroendoscopy. Some surgeons who perform endoscopic procedures rely on the amount of CSF sheath through which the endoscope is inserted. However, if the irrigation is not vented adequately, complications may result from dilution or increased ICP. Buxton and colleagues have described many possible complications along with cerebral infarction, chronic subdural haematoma and traumatic basilar artery aneurysm during neuroendoscopy. Perhaps because of the quick action taken, we did not encounter any complications in our study.
ICP during Ringer's irrigation. The ICP increased from median baseline value of 3 mmHg to 37 mmHg (P=0.001), while the CPP decreased from 74 mmHg P=0.001). Although the increase in heart rate were comparable (Table 1 ). It is possible that a change in heart rate occurs late subsequent to increase in blood pressure if ICP is allowed to be raised persistently.
Our results indicate that ICP can very quickly rise introducer sheath. Other reports indicate that an that includes bradycardia and hypertension that may be preceded by tachycardia 2 . In a case report of cardiac arrest during endoscopic third ventriculostomy, the authors postulated that the event was caused by high pressure irrigation, which caused distortion of the autonomic nuclei in the hypothalamus 9 . The authors in this case did not monitor the ICP, which could have averted this potentially fatal complication by warning the surgeon. Some studies suggest that intraoperative bradycardia may result from either a sympathetic or parasympathetic response to stimulation of the hypothalamic nuclei 2 . Bradycardia has been traditionally considered as a or a result of saline irrigation causing systemic of a normal ICP 10 .
There are many studies of neuroendoscopic procedures where the ICP was either not measured or the pressure in the endoscope was considered as an indicator of ICP. Fabregas and colleagues measured peak pressure inside the endoscope and found it to The peak pressure occurred during the irrigation period. They concluded that the best cutoff point of peak pressure value to predict the appearance of postoperative complications was 30 mmHg. Since the ICP was not measured, they could not establish a precise relationship between the pressure measured inside the endoscope and ICP 3 . Later, in 2004, the same authors were able to establish a correlation between the absolute ICP measured epidurally and the pressure inside the endoscope. Their 6 . Epidural ICP measurements can be expected to yield the same estimates of global ICP only when there is free communication between the various compartments of the intracranial space. While epidural transducers seem to offer a reduced risk of brain infection and trauma, accuracy of the measurements and the inability to zero and calibrate in situ are major concerns.
During eight neuroendoscopic procedures, Fabregas and co-workers continuously monitored cerebral haemodynamic function, using a transcranial window. They observed that episodic high irrigation pressure during surgical neuroendoscopy may cause 'near intracranial circulatory arrest-like' wave 5 . No systemic haemodynamic warning sign accompanied these intermittent episodes of severe decrease in the cerebral perfusion pressure. Their study further emphasises the importance of continuous ICP moniperform transcranial Doppler monitoring because of the problem of maintaining a constant angle of insonation during the neuro-surgical procedure. Under such circumstances, an ICP monitor is very useful. Kalmar and colleagues' observation of the haemodynamic effects of the ICP and CPP show that no observable effects are seen with a CPP >40 mmHg, independent of the ICP 4 . They also noted that a decrease in CPP to 30-40 mmHg almost never resulted in a Cushing haemodynamic changes.
In our study, we found that the CPP was clearly compromised (P=0.001). It is probably due to the transient duration of the compromised CPP that our patients had an uneventful recovery at the end of procedure. It must be considered that because of the controversy on the lower limit of safe CPP, it is imperative that invasive blood pressure as well as ICP be monitored during this procedure and the surgeon informed as and when the ICP increases above 25 mmHg.
However, our study has its limitations. We did not height in all the patients, we tried eliminating this bias. Our sample size was small, primarily due to the limited number of Codman catheters available in our institute. We also chose a low pressure limit of 25 mmHg ICP in our study. This cut-off value was taken in order to avoid any neurological complication that may have resulted from higher ICP.
In summary, we recorded the exact values of changes in ICP and CPP during irrigation in 13 patients undergoing nueroendoscopic procedures. We suggest that ICP be routinely monitored during these procedures. The ICP should be monitored along with the systemic arterial blood pressure to accurately assess the CPP. If this facility is lacking, care must be taken to continuously vent the irrigation neuroendoscopic procedures may result in sharp increases in ICP without the traditional warning signs of hypertension or bradycardia. If the ICP is found to be high, an informed decision can be made on whether to proceed with the surgery and the safe use of irrigation, if required, can be monitored.
